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Exploration for in situ leach amenable sandstone uranium
deposits and their impact on the environment in China
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Abstract. Taking the No. 512 uranium deposit in YiLi Basin, Xinjiang as an example, this paper describes the
ore-forming geological settings of inter-layer oxidizing zone roll-front type of ISL amenable uranium deposits. It
also summarizes the different exploration methods used during various stages of exploration. The paper also
introduces the Dabu uranium deposit in Taoshan, Jiangxi, which is amenable to the in-place-leach mining
method. It probes into the possibilities for transforming non-economic and sub-economic uranium deposits into
economical and minable ones. In addition, the paper emphasizes that ISL uranium mining, when compared with
conventional mining, plays an active role in reducing environmental contamination and restoring ecological
balance.

1. INTRODUCTION

At present, two main directions are guiding uranium exploration throughout the world. One is looking
for unconformity type U deposits such as those occurring in the Athabasca Basin, which have large
high-grade reserves. The other is ISL sandstone U deposits like those found in Kazakhstan and
Uzbekistan. Although low grade, the reserves are relatively large. In recent years, in accordance with
the geological setting and practical conditions in China, the main prospecting programme has targeted
ISL sandstone U deposits; significant success has been achieved.

2. GEOLOGICAL BRIEFING AND THE CASES OF ISL SANDSTONE U DEPOSITS

The test mining of ISL was initialed in the 1970's in China. Success was achieved inl987 at the
No. 381 Deposit in Tengchong, Yunnan. Later a test was operated at the No. 512 Deposit in Yili
Basin, Xinjiang. Satisfactory results were achieved. As early as 1963, heap-leaching testing began, and
industrial production has operated since the 1980s. A successful inplace leaching test after crushing
was conducted in Lantian, Shanxi. At present, there are five U deposits where either the ISL method or
heap leaching is being used.

Mesozoic and Cenozoic sandstone Basins are widely scattered in north China, northwest, northeast
and south China as well. According to available data, there are 377 basins, both large and small, in
northwest China, among which, seven are more than 50 000 km2 in size. They are the Talimu,
Zhunger, Chaidamu, Erlian, Tulupan-Hami, Shan-Gan-Ning and Badanjilin basins. The area of
14 basins ranges from 10 000 to 50 000 km2. North China is situated within the same geotectonic unit
as the central Asian countries of Kazakhstan, Uzbekistan and Mongolia and the geological setting and
metallogenic environment is similar. These relationships indicate a great potential for U prospecting in
north China.

The No. 512 Deposit in Yili, Xinjiang, is situated at the margin of Mesozoic and Cenozoic continental
intermountain basins. The basement of the basin occurs as medium acid and medium basic volcanic
detrital rock in the Paleozoic era and granite in the Variscan. The basin filling rocks are detrital in the
Jurassic, Cretaceous and Tertiary systems and loose sediments in the Quaternary system. U deposits
occur in detrital rock formations containing coal in the Jurassic Shuixigou Group. These occurrences
can be classified as typical sandstone U deposits of interlayer oxidizing zone type (roll front).
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U mineralization is strictly controlled by the redox transitional zone. The age of main mineralization is
14-25 million year. The ore bearing host rock consists primarily of medium-coarse lithic sandstone.
Ore bodies occur as rolls, plate rolling, and plate state. Ore bearing beds are all monoclinal dipping
stratum with a dip angle of 5-8°. U minerals are mainly ultra fine grain pitchblende, with minor
quantities of coffinite and U organic complexes. The average ore grade is 0.06% U. An associated
elements include Mo, Se, Re and V which can be recovered and used. The depth of the ore body is
150-270 m. The No. 512 ore body is relatively ideal for ISL recovery with a typical clay-sand-clay
structure and a 15-25 m thickness of ore bearing sand. It has significant size, a suitable permeability
coefficient and a uranium mineralization amenable to acid leaching [1].

The No. 512 U deposit is typically controlled by a stratabound oxidizing zone deposition (see Fig. 1).
The width of zone is about 1000 m. The profile occurs as linguoid lensing or obtuse lensing. The
interlayer oxidization is distinctively zoned, with clearly defined distribution from strong oxidization,
weak oxidization to redox transitional zone and then to reducing zone. The color of rocks changes
gradually from brown red, to brown yellow to light yellow to light brown, to gray white, to gray and to
dark gray as the transition progresses from the oxidizing zone to reducing zone. This variation shows
that the content of oxidized iron gradually changes from high to low. The redox potential (AEh)
changes from low to high whereas the ratio of U /̂XT1"4 goes from high to low. The U/R equilibrium
ratio changes regularly; it inclines towards Ra in oxidizing zone and to U in the redox transitional
zone. The U/Ra ratio is basically equal in the reducing zone. Spatial zoning of Se, Mo, Re can also be
observed (see Fig. 2) [2] [3].

1. sandstone in strong oxidized zone; 2. sandstone in weak oxidized zone; 3. sandstone U
ore body in redox transitional zone; 4. sandstone in Proterozoic era; 5. argillaceous rock

FIG. 1. Sketch map of interlayer oxidizing zone in ore bearing bed at southern margin ofYili. Basin.

weak oxidizing zone

Sub-reducing zone

1. mudstone water proof stratum; 2. sandstone ; 3. U ore zone;
4. flowing direction of interlayer water containing oxygen

FIG. 2. Sketch map of associated elements such as Re, in No.512 U deposit.
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Generally speaking, an economical and minable ISL uranium deposit is always relatively large, the
ore-bearing sand has considerable thickness and lies at a shallow depth. The stratigraphic structure is a
mud-sand-mud sequence with a gentle dip angle. The uranium grade is good, and the uranium
minerals are easy to leach. The associated mineralization is minor, the underground water dynamics
are suitable and the permeability is high.

2. METHODS APPLIED TO PROSPECTING FOR ISL U DEPOSIT AT VARIOUS
STAGES OF DISCOVERY

Prospecting for ISL U deposits is difficult because most have no near-surface manifestations. Even
more, the identifying criteria for this type of deposit are indefinite. Various methods are suitable for
different stages of exploration. These methods must determine if the sandstone U deposit is in situ
leachable and if it is economically competitive.

Presently four stages have been practiced for mineral prospecting in China. They are reconnaissance,
prospecting, general exploration and detailed exploration (see Table 1).

During above mentioned four stages, in addition to geological mapping at different scales and drilling
in different grids, geophysical exploration includes methods such as airborne radioactive survey,
airborne gamma ray spectrum survey, airborne magnetic survey, remote sensing.

TABLE I. EXPLORATION METHODS APPLIED TO PROSPECTING ISL SANDSTONE U
DEPOSIT AT DIFFERENT STAGES

No Exploration stage Exploration method Aims

Selecte prospective metallogenic basin.
Delineate favorable metallogenic target
area for prospecting.
Assess prospective U resource.
Estimate predicted U reserve.

Determine spatial distribution of
interlayer oxidizing-redox transitional
zone.
Generally determine the ore body
mining conditions.
Delineate the scope of general
exploration.

basically identify geological features of
the deposit and quality of the ore.
determine continuity of ore body.
understand technical conditions for ISL,
delineate scope of detailed exploration.

1 Reconnaissance

Prospecting

3 General
exploration

Regional geological survey,
geophysical and
geochemical methods, a
small amount of drilling.

Outcrops checking,
geological mapping, wide
space drilling, geophysical
and geochemical methods.

large scale geological
mapping, certain amount of
drilling, comprehensive
geophysical & geochemical
methods, in-house column
leaching and field ISL test.

Detailed
exploration

Fill-in drilling,
comprehensive logging.

Identify geological features
Identify hydrogeological condition of
mining area.
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Also, geochemical methods such as humic acid determination, geoelectric surveys, gas survey
and hydrological methods such as bottom sediment are also used during the first stage.
Geophysical and geochemical exploration methods are also applied at the second and third
stages. These methods include seismic measurements, electrical sounding, magnetic survey,
gravity, logging, stream sediments sampling and gas chemistry. The combined well logging
during the fourth stage appears to be very important. During all stages of the geological work,
in-house analysis of and test samples and geological age, identification of ore minerals should
be conducted, hi practice, the combination of field and laboratory work has achieved success.
Radiation damage measurements have been applied when prospecting for sandstone U
deposits of the interlayer oxidizing zone type. This method determines the proportional
relationship between the central concentration of paramagnetic quartz and radiation
absorption dose. The method was applied at the No. 512 deposit with excellent results (see
Figs. 3, 4 and 5) [4].
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1. argillaceous rock; 2. sandstone; 3. mineralized rock; 4. sampling site.

. 5. Vertically changing curve of eel-U in No. 3006 hole at No. 30 exploration line.

Generally speaking, when prospecting for ISL sandstone U deposit in China, the first stage is to select
a favorable basin, delineate the metallogenic geological setting and the prospective blocks, and
estimate possible reserves. The second stage includes locating a favorable target, defining he spatial
arrangement of interlayer oxidizing zones, and estimating the inferred reserve. During the third stage,
a preliminary deposit size can be determined and a controlled reserve of ISL is calculated. During the
fourth stage the ore body is delineated, and the ore body grade and overall ISL conditions are
determined. An assured reserve of ISL U is then calculated.

3. ECONOMIC EFFICIENCY OF ISL U DEPOSIT

The exploration results and evaluation of the economic and technical qualities of the No. 512 ISL
deposit show that it has the best economic efficiency in China.

During industrial operations, the average U concentration in the No. 512 production liquid is
61.22 mg/1 when the ratio of liquid to solid is 2. The U extraction is 75% and the acid consumption per
unit of U is 45:1. The production cost for one ton of U3O8, as determined by raw material consumption
per ton of U, is US$ 8893 (using an exchange rate of $1=8.3 RMB). After adding other expenses, the
total cost for one ton of U3O8 is $18 530 (see Tables 2 and 3) [5].

TABLE II. MAJOR PRODUCTION INDEX DURING JANUARY-JULY 1995

Item

H2SO4(t)

H2O2(t)

NaCl(t)

NaOH(t)

U3Os(t)

Content in production
liquid (g/L)

Grade of product (%)

Jan.

65.25

3.05

9.14

1.65

1.751

68.01

47.58

Feb.

72.95

1.89

16.99

2.86

1.33

62.75

47.58

Mar.

262

5.16

18.48

5.39

1.298

50.06

48.96

Apr.

192

5.94

9.57

1.86

2.476

57.1

52.16

May

81.37

3.92

4.22

1.54

4.000

66.13

52.68

Jun.

128

2.83

9.25

2.51

4.659

60.18

52.68

Jul.

106.7

3.23

10.36

1.41

4.343

60.3

52.56
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TABLE III. RAW MATERIAL CONSUMPTION IN PRODUCTION OF ONE TONNE METAL U

Series Material Unit Unit price ($) Unit consumption (t) Cost of consumption/T ($)
1
2
3
4
5
6
7
8
9

H2SO4
H2O2

NaOH
NaCl
Na2SO4

Lime (40%)
Resin
Filter cloth
Drilling

t
t
t
t
t
t
t

m
m

81.9
404.8
321.8
48.2
108.4
30.1

3614.4
0.12
24.1

45.7
1.31

0.867
3.928
5.594
7.503
0.118
3 000
104.88

3746.6
530.2
279

189.3
606.4
225.8
426.5
360

2527.6

The economic value of the No. 512 deposit is increased by considering the content of associated
elements, which can be recovered. In ore containing grade >0.1% U, the content of Se reaches
790-10"6%; Mo 140-10~6%; Re 6-10"6%; V 250-10"6%, all of which reaches or exceeds the original
estimates. Taking Re as an example; it exists as absorbed ReO2 and can be effectively utilized so long
as the Re content is >0.1-10~6% in the ISL sand stone. The content of Re is three times the
comprehensive utilization index in the transitional zones of No. 512 deposit (see Table 4).

TABLE IV. DISTRIBUTION OF ASSOCIATED ELEMENTS IN No.512x10"6 DEPOSIT

Element

Se
Mo
V
Re (in deposit)
Re (1-4 cyclic)
Re (5 cyclic)

Strong
oxidizing zone

1.98
4.60
108.6

0.0 133
0.011
0.013

Weak
oxidizing zone

17.52
3.17
82.9

0.0 130
0.014
0.013

Transitional
zone

136.61
4.39
104.5

0.3 178
0.275
0.348

Sub-reducing
zone

0.0 390
0.039
0.023

Reducing zone

2.45
6.28
101.4

0.0 200
0.020

The laboratory experiment using the in place leaching technique was conducted at the Dabu U deposit
in Taoshan, Jiangxi. The Dabu ore shows better U leaching properties with low acid consumption,
high recoveries and faster extraction. In place mining on broken rock is considered the best approach.
The parameter and results used for designing the extraction technology are: ore: 200 tons;
grade: 0.08%; grain size: <200mm, among which <100 mm accounts for 80%; section height: 10 M;
period of extraction: 200d; 5-50 g/L of H2SO4 as extraction agent; acid consumption: 3%; taking 0.3%
of natural chemical material as oxidizing agent; intensity of ejection and leaching as 6-12 l/m2-h and
interval ejection and leaching adopted; rate of leaching: 80%; rate of recovery of ion exchange: 98%;
rate of precipitation of ammonium diuranate: 98%; difference of retrieving: 3%. It can be seen that
non-economical and sub-economical U deposits can be converted into economical ones by improved
mining technology [6].

4. MINING OF ISL SAND STONE U DEPOSIT AND ITS IMPACT ON ENVIRONMENT

Compared to conventional mining, ISL mining of U deposit has clear advantages when considering
resource utilizations economic efficiency and environment protection [7].

The question as to how much ISL leaching will contaminate and influence the underground water
when using acid reagents is unavoidable and important. Available information shows that the scope of
underground contamination after ISL by acid is limited and depends on the concentration of sulfate
ion, area of halo and the seepage velocity of underground water when ISL ends. Typically, the
diffusion of ISL liquid extends 50-70 m along the brachy-axis of the mining section and 100-150 m
along macro-axis direction. In recent years test patterns using (1) two injection wells and one recovery
well and (2), four injection wells and one recovery well have been conducted in No. 512 deposit. The
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ratio of pumping and injection is 1:2, at the block of 120 m depth of the hole, original water level
around 7 m, pressure of pumping liquid 5 kg/cm2, maximum value of water drawdown 20 m, pumping
5% more than injection. After three years of pumping and injection, the scope of solvent liquid
extends out 30 m along the dip of ore beds (see Fig. 6). As the negative pressure area of underground
water is formed during ISL, sampling and test are conducted at the point of 30 m, 50 m, 80 m along
the seepage direction of underground water away from the margin of mining block. The point of 30 m
is an exception where the acid concentration is higher than normal. The 50 m point is exactly same as
normal. Of course, besides the sulfate ion, nitrate ion causes serious contamination to the environment
[8].

Boundary- line or solvent liquid

CK1 as pumping hole, other holes exchange

FIG. 6. Superimposed profile of solvent liquid distribution.

After the underground water is contaminated by sulfate ion and nitrate ion, the environment can be
restored by purification through natural demineralization. But, generally speaking, it will take tens of
years to restore the environment. Sequential operation can be used to restore the environment more
rapidly. This procedure involves pumping ISL residual liquid in the first mining block to second and
third blocks. This approach not only reduces acid consumption but also protects the environment. In
addition, for effective environment restoration and keep a balanced ecology, a microorganism method
can be adopted [9] [10].

Based on the preceding information, China embarked on a programme for prospecting and developing
ISL sandstone U deposits. Satisfactory results have been achieved. ISL mining has shown economic
efficiency and has limited adverse influence on the environment. Overall programme results support
China's decision to focus attention on prospecting for and subsequently developing ISL sandstone
uranium deposits.
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